Antisera have been raised in rabbits against three wall fractions from Neurospora crassa. Fractions were separated according to Mahadevan & Tatum ( 1 9 6 9 , i .e. fraction I, glucan-peptide-galactosamine complex; fraction 111, laminarin-like glucan ; and fraction IV, chitin. Distinct patterns of immunofluorescent staining were obtained using an indirect staining method. Hyphae stained with antiserum to fraction I showed maximum fluorescence in the apical and/or subapical regions : in both cases, fluorescence showed a sharp decrease with distance behind the subapical region. Hyphae stained with antiserum to fraction I11 showed faintly fluorescent tips with fluorescence increasing with distance from the tip. Hyphae stained with antiserum to fraction IV showed faint fluorescence, equivalent to leveis of autofluorescence, except at the sites of hyphal fractures. Antisera were also raised against whole walls from 24 and 120 h cultures. Hyphae stained with antisera against whole walls which had previously been absorbed to remove antibodies to fractions I, I11 and IV showed preferential staining of apices. The uncharacterized tip antigen(s) thus revealed was also demonstrated on immunodiffusion plates. This pattern of immunofluorescence was compared to the fluorescence of apices after staining with an optical brightener.
INTRODUCTION
Previous work (Hunsley & Burnett, 1970) has suggested that the walls at hyphal apices of young, actively growing 24 h Neurospora cultures show some differences in structure from mature wall areas from 120 h cultures. In 120 h cultures, the reticulate structure of the hyphal wall appeared to be covered with a layer of amorphous laminarin-like glucan. In 24 h cultures, this reticulum was visible on the hyphal surface but appeared to be absent from apices and developed progressively subapically, becoming covered with amorphous material in older hyphal regions. The object of the present study was to confirm the apparent surface distribution of wall components described above. This has been accomplished by immunofluorescence using antibodies to specific wal! fractions. purified as described by Skujins, Potgieter & Alexander (I 965).
Hyphal wall preparation and fractionation. Hyphal walls were prepared from 120 h and 24 h cultures by grinding in liquid nitrogen followed by ultrasonication in an MSE 20 kHz IOO W disintegrator using a water-cooled vessel. Treatments were of I min duration, with 2 min cooling periods in between. Precautions were taken to keep wall preparations cold at all stages of the procedure. The disintegrated walls were stirred overnight in cold I % (w/v) aqueous sodium lauryl sulphate ; and then they were repeatedly centrifuged in distilled water at 2000 g until phase-contrast microscopy indicated removal of cytoplasmic contamination. Walls were then freeze-dried and stored until required.
Wall fractionation procedures were based on those of Mahadevan & Tatum (1965). The following fractions were isolated : Fraction I. This fraction was soluble at room temperature (22 "C) in 2 M-sodium hydroxide, and could be recovered by ethanol precipitation in the cold. It was identified by Mahadevan & Tatum (1965) as a glucan-peptide-galactosamine complex; and Hunsley & Burnett (I 970) suggested that, morphologically, this corresponded to the reticulate structure of the Neurospora hyphal wall.
Fraction 111. This was a second 2 M-sodium hydroxide soluble fraction of the wall, which was solubilized after treating the walls with I M-sulphuric acid at go "C for 16 h. This fraction was identified by Madadevan & Tatum (1965) as a (I +3)-P-linked glucan similar to laminarin. Fraction IV. This was the residual material after the wall fractionation above, and was identified as chitin by Mahadevan & Tatum (1965) .
Fraction 11, which consisted of simple sugars would be unlikely to be immunogenic, and was discarded in this work.
After dialysis against distilled water, wall fractions were freeze-dried and stored at -18 "C until required.
Immunological methods. Antisera were raised in rabbits against wall fractions I, I11 and IV as well as against whole wall preparations from 24 h and 120 h cultures. Antigen preparations were made at 30 mg ml-l in phosphate-buffered saline (PH 7.2).
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Antigens were dispersed in the saline by ultrasonic treatment for short periods in a watercooled vessel. Precautions were taken to ensure that the ultrasonic probe and vessels were sterile and they were cleaned in chromic acid between treatments to prevent cross-contamination of antigens. Rabbits were injected with a I : I mixture of antigen and Freund's complete adjuvant. The injection schedule was based on that of Holland & Choo (I970), with a series of 10 subcutaneous injections extending over a period of 4 weeks. After I week the animals were bled from a marginal ear vein. Sera were stored at 4 "C. Antisera were fractionated to separate y-globulins by double precipitation with saturated ammonium sulphate, as described by Goldman (I 968). Precipitated globulins were centrifuged, redissolved in distilled water equal in volume to the original volume of serum, and dialysed against phosphate-buffered saline before use. In some cases globulins were concentrated by dialysis against solid sucrose. Antibody production in rabbits was demonstrated using three techniques :
Complement fixation. The test, which was used here as a qualitative test only, was carried out using all preliminary titrations and controls as described by Oakley (1971) .
Agglutination using a capillary tube method (Oakley, 1971 containing I O -~ M-sodium azide. In each plate the centre well contained antiserum and the peripheral wells, antigen digests. Central and peripheral wells were separated by a distance of 0.5 cm. Attempts were made to separate antigenic materials from wall fractions and wall preparations by using enzymic digests and ultrasonic treatment in the presence of 0.1 % sodium lauryl sulphate. The following enzymic digests were used: for fraction I, separate digests of laminarinase (EC. 3.2. I .6) and trypsin (EC. 3.4.21 .4); for fraction 111, laminarinase; for fraction IV, chitinase (EC. 3.2. I . 14); and for walls from 24 and 120 h cultures, separate digests of laminarinase and trypsin. Digestions were performed for 3 h at 37 "C using 2 mg antigenic material/ml and 00 I mg enzyme in a total volume of 2 ml. Ouchterlony plates were used to test for cross-reactivity of sera with non-homologous wall antigens. Antisera showing cross-reactivity were absorbed with their non-specific cross-reacting antigens before use. Immunodiffusion plates were either stained with naphthalene black (Sargent, I 971) or mounted on an indirect illumination device for photography.
Fluorescent staining of hyphal material. Hyphal material was stained using the antiglobulin method of Weller & Coons (1954) . Mycelia were fixed for 20 min in acetone at 4 "C and then allowed to react with the appropriate rabbit antisera for 30 min at room temperature before being washed several times with phosphate-buffered saline and stained with fluorescein-conjugated sheep anti-rabbit immunoglobulin (Burroughs Wellcome) for 30 min. This globulin was used at a dilution of at least I : 6 to avoid non-specific staining effects. After staining, mycelia were washed several times in phosphate-buffered saline, mounted in carbonate-bicarbonate buffered glycerol (pH 85), and examined using ultraviolet illumination in a Reichert Zetopan microscope fitted with filters E, and Sp,. Fluorescent images were recorded on Ilford HP4 film using exposure times of 2 to 2.5 min. Various control procedures used for the immunofluorescence experiments are detailed in Table 4 .
Optical brightener staining ofhyphae. In some instances, hyphal material was stained with a All antisera used gave no immunoprecipitating activity in control experiments in which laminarinase, trypsin or chitinase only were used in the antigen wells. 
RESULTS

Antibody production
Full complement-fixation procedures (Oakley, I 97 I) demonstrated unequivocally that appropriately inoculated rabbits produced antibodies against the whole walls and wall fractions. Agglutination titres of antisera at the time of bleeding were: antiserum to wall fraction I, 1/40; to fraction 111, 1/80; to fraction IV, 1/80; to walls from 24 h cultures, 1/160; to walls from 120 h cultures, 1/160. Because of the low titre of antisera against wall fractions, Neurospora hyphal apex 237 All absorbed antisera gave no immunoprecipitating activity in control experiments in which laminarinase, trypsin or chitinase were used in the antigen wells.
the antiglobulin activity was concentrated by ammonium sulphate fractionation and dialysis against solid sucrose.
The results of immunodiffusion experiments are presented in Tables I and 3 . Table I shows that all antisera except that prepared against wall fraction IV (chitin) show considerable cross-reactivities with other antigens. Cross-reacting antisera were therefore absorbed with their non-homologous cross-reacting antigens before use. Absorption procedures are given in Table 2 . The results of immunodiffusion experiments with absorbed antisera are presented in Table 3 . The antisera against wall fractions I and I11 did not show any crossreactivities with each other after absorption. Fraction IV had not previously shown crossreactivity with other wall fractions, and was absorbed with fractions I and I11 purely as a precautionary procedure.
Absorption procedures, detailed in Table 2 , using antisera to whole walls resulted in the removal of immunoprecipitating activity against extracts of fractions I and 111 which were formerly cross-reacting with whole-wall antisera (see Table 3 ). However, in both cases activity was retained against extracts of antigen(s) from walls of 24 and 120 h cultures. Absorbed antiserum to walls from 120 h cultures still showed some activity against fraction IV. In both cases, the precipitin lines on the immunodiffusion plates against whole walls showed reactions of partial or total identity indicating the presence of a common uncharacterized antigen or antigens in walls from 24 h and 120 h cultures.
Table 3 also shows that absorption procedures used on antisera to fractions I and 111 resulted in removal of cross-reactivities with other wall fractions. (Antiserum to fraction IV did not previously show any cross-reactivity.)
The results of absorption and immunoprecipitation with antisera to wa.11 fractions I, 111 $ Only results for 24 h and 120 h culture wall antisera are presented as these had the highest titres. Control results with antisera to wall fractions are essentially similar, differing only in degree and distribution of fluorescence.
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and IV indicated that these absorbed antisera could act as reasonably specific immunological stains for immunofluorescence.
Attempts to demonstrate release of wall antigens from whole wall preparations by ultrasonic and detergent treatments were unsuccessful.
Immunofluorescence
The untreated hyphae (both unfixed, and those fixed in cold acetone) had a very faint blue-white autofluorescence, as do hyphae stained using a variety of control procedures.
Immunofluorescence micrographs of hyphae from 24 h cultures of Neurospora crassa.
All bar markers represent 10 pm. Fig. I . Hypha treated with absorbed antiserum to wall fraction I, showing a type of fluorescence which is maximal in the subapical region and fades to a low level 30 to 50 pm behind the apex. Fig. 2 . Hyphae treated with absorbed antiserum to wall fraction I, showing a type of fluorescence in which apices and subapical regions are equally fluorescent ; fluorescence again decreases to a low level about 50 to IOO pm behind the apex. Fig. 3 . Hyphae treated with absorbed antiserum to wall fraction 111, showing a low level of fluorescence in the apical region, increasing with distance from the apex. Note that the apical dome is particularly well defined as an area of low level fluorescence and also that septa are apparent as regions of non-fluorescence (arrowed). Figs 4 and 5. Hyphae treated with absorbed antiserum to fraction IV. Appreciable fluorescence is only seen in the region of hyphal breaks. In Fig. 4 , the hypha has broken a short distance from a septum: bright fluorescence is seen extending from the break to the septum only, suggesting that the septa1 pore is plugged. In Fig. 5 , the break has occurred at the site of a septum and fluorescence is visible for a short distance from the hyphal side of the septum, suggesting that here the pore is not plugged. Both figures indicate that the antibody to fraction IV is attached predominantly to the inside surface of the hyphal wall. Fig. 6 . Hypha treated with unabsorbed antiserum to 24 h culture walls. Note the even distribution of fluorescence. If unabsorbed antiserum to 120 h culture walls is used, the appearance is similar. Fig. 7 . Hypha treated with unabsorbed antiserum to 24 h culture walls, showing a brightly fluorescent hyphal apex. Only a few hyphae had this appearance. Only when both homologous rabbit antisera to wall components and fluorescein-conjugated sheep antiserum to rabbit globulins were present was fluorescence in the spectral region (green) characteristic of fluorescein observed ( Table 4) . The results of immunofluorescent staining procedures with absorbed antisera to wall fractions are presented in Figs I to 8.
Absorbed antiserum to fraction Z. Two major types of distribution of fluorescence were frequently observed. The most distinctive (Fig. I) showed a faintly fluorescent apex, with a brightly fluorescent subapical region behind which the fluorescence decreased to a very low level (at about 30 to 50 pm behind the apex). In the second type, apices and subapical regions were equally fluorescent, and fluorescence again faded to a low level behind the subapical region at about 50 to ~o o p m from the apex (Fig. 2) .
Absorbed antiserum to fraction IZI. The fluorescence increased in intensity with distance from the apex and maximum fluorescence was observed in older hyphal regions (Fig. 3) . Sometimes the apical dome, i.e. the first 3 to 4 pm of the tip, gave a striking appearance of faint fluorescence, being quite sharply defined from the region of increasing fluorescence at the immediate subapex. It is notable also that the positions of septa were seen as areas of non-fluorescence (Fig. 3, arrowed) .
Absorbed antiserum to fraction ZV. Using this antiserum, appreciable fluorescence was observed only at the sites where hyphae had been ruptured, extending a short distance back from the break (Figs 4 and 5) . Otherwise a very faint, general fluorescence was observed, which was comparable to levels of autofluorescence in controls.
Antisera to whole walls. Hyphae stained with unabsorbed antisera to walls from 24 and 120 h cultures gave similar fluorescence patterns (Fig. 6) . Usually hyphae showed an even distribution of fluorescence. Very occasionally, preparations made with unabsorbed antiserum to walls from 24 h cultures showed brightly fluorescing tips (Fig. 7) ; but preparations stained with unabsorbed antiserum to walls from 120 h cultures never showed increased fluorescence in non-apical areas. Absorbed antisera to walls from 24 and 120 h cultures produced similar types of U.V. fluorescence in which hyphal tips were brightly fluorescent while subapical areas were faintly fluorescent (Fig. 8) .
Staining of hyphae with an optical brightener. Hyphae stained with the optical brightener Calcofluor White M2R New showed brightly fluorescent tips (Fig. 9) . Intense fluorescence extended back from the tip for about 3 to 6 pm.
Electron microscopy Untreated apices and subapical areas. Shadow casts of hyphae washed and dried without any enzymic or chemical treatment showed a roughened amorphous surface (Fig. 10) . It was previously suggested (Hunsley & Burnett, 1970 ) that the microfibrillar wall comElectron micrographs of shadow-cast preparations of hyphae from 24 h cultures of Neurospora crassa. All bar markers represent 0.5 pm. Fig. 10 . An untreated hyphal apex. Note the amorphous roughened appearance. Figs I I, 12 and I 3. These show the changes in the surface appearance of a hypha with increasing distance from its apex. In subapical area, the reticulate structure of the wall is readily visible on the surface (Fig. 11) while further back it becomes progressively occluded (Fig. 12) until finally the amorphous appearance of mature hyphal regions is seen (Fig. I 3) . ponents of hyphae from 120 h cultures were located on the inside of the mature wall. Preparations of untreated apices (Hunsley & Burnett, 1970 ) also showed the subapical development of a reticulate structure on the wall surface. With increasing distance from the apex this structure became better developed and eventually was occluded by amorphous material (Figs 11, 12 and 13).
Enzymic treatments of hyphal tips. Enzymic treatments were employed to try and determine the nature of the amorphous surface material at hyphal apices using the microfibrils on the inside of the wall as a marker to indicate removal of some or all of the surface material. However, enzymic dissection methods employed on young hyphal material did not give Neurospora hyphal apex 243 very reproducible results. Because of their tendency to burst, the tips could not be subjected to the treatment previously used to inactivate the autolytic enzymes of Phytophthora walls (Hunsley, 1973) . Nevertheless treatment of tips with pronase followed by shadow casting often revealed randomly arranged microfibrils (Fig. 14) . However, this apparent removal of wall proteins overlying microfibrils should be viewed with caution as it could well have been partly or largely due to autolytic enzymes acting on wall components. Drastic chemical treatment of apices. Shadow-cast preparations of chemically treated hyphae from 24 h cultures revealed randomly oriented microfibrils at the hyphal apex (Fig. 15) . Measurements of shadow lengths from both enzymic and chemically treated apices indicated that the microfibrillar part of the wall at the apex had a thickness of about 40 nm. The microfibrillar material remaining after the drastic chemical treatment had a similar infrared spectrum to that of a reference standard of purified crustacean a-chitin. Peaks in the absorption spectra at 3265, 3105, 1655, 1620, 1550 and 953 cm-l, which are attributable to various bond-stretching phenomena or groupings in chitin (Mitchell & Scurfield, I 967), were shown by both samples (Fig. 16) . Figure I 7 shows X-ray powder diffraction diagrams of Neurospora microfibrillar material and a-chitin. The main lattice spacings in the a-chitin diagram can also be seen in the diagram given by the Neurospora microfibrillar material : the latter has weaker reflexions, indicating a lower crystallinity, and an additional weak reflexion at 13.50 A. Figure 18 shows a median, or near median, section through the hyphal apex of Neurospora. This was unequivocally identified as a section of a hyphal apex because of the presence of the spitzenkorper and the surrounding large electron-opaque vesicles . Figure 19 is an enlargement of the extreme apical area: the plasmalemma is resolvable as a unit membrane, which is another indication of a median section. The wall at the extreme apex is about 50 nm thick. Figure 20 is a section from just under the apical dome showing that, at this point, the wall does not appreciably increase in thickness (wall thickness here, taken as the mean of a number of measurements from the exterior of the plasmalemma to the outer part of the dense area of the wall, is about 60 nm). Figure 2 1 is a section from the more distant subapex showing material protruding from the outer surface of the wall. It is thought that this corresponds to the area where the reticulate structure of the wall starts to be visible in shadow-cast preparations (see Hunsley & Burnett, 1970, Fig. 59) . Sections of mature hyphal regions (about 5 mm from the apex in hyphae from 120 h cultures; Fig. 22) reveal that the wall has a thickness of about 125 nm and shows the three-layered structure described previously (Hunsley & Burnett, 1970) . A comparison of measurements of wall thickness in hyphae from apical areas of 24 h cultures with those of hyphae from non-apical areas of 120 h cultures (n = 100) was made. The hyphal wall in apical regions is significantly thinner than the wall in mature regions (at the 5 % level). Figure 23 presents these results in the form of histograms.
Apical and non-apical hyphal walls in section.
DISCUSSION
It has been reported, both as casual observations (Grove, Bracker & MorrC, 1970; Gibson & Peberdy, 1972) and as the results of more deliberate investigations (Hunsley I 973 ; Trinci & Collinge, 1g75) , that the hyphal wall at fungal apices is considerably thinner than the lateral hyphal wall some distance below the apex. Trinci & Collinge (1975) showed that in Neurospora crassa there was no gross increase in wall thickness in the region of wall rigidification below the extension zone as compared with wall thickness at apices. However, at distances of around 10 mm from the apex, the wall had increased in thickness from 
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Neurospora hyphal apex 245 60 to 125 nm. We did not try to determine precisely where the wall starts to thicken, but have shown that around 5 mm from the apex the wall is approximately twice as thick as at the tip: this agrees with Trinci & Collinge's (1975) determination.
We consider that the wall at the hyphal apex consists of an inner layer of chitin microfibrils covered by a layer of amorphous material. Immunofluorescence shows that this amorphous region has present on its surface small amounts of wall components corresponding to fraction I11 (laminarin-like glucan), and also, depending upon the individual hypha observed, either small or large amounts of fraction I (glucan-peptide-galactosamine complex). Hyphae which have small amounts of this complex present may have stopped extending, since in 120 h cultures the complex (i.e. reticulate structure of the wall) often encroached upon the apex (Hunsley & Burnett, 1970) . Immunofluorescence results for hyphal apices that appear to possess only small amounts of the complex, correspond well with ultrastructural observations (see Hunsley & Burnett, 1970, Fig. 59 , which showed the subapical development of the complex). With the immunofluorescence technique, one can demonstrate the presence of small amounts of the complex at the apex which are not resolvable as discrete structures in shadow-cast electron micrographs.
Immunofluorescence observations indicate that the complex is usually most prominent behind the immediate subapical region of hyphae from 24 h cultures and becomes masked with some other material further down the hyphae. This deduction is confirmed by direct observation in shadow-cast electron micrographs (Figs 1 1 , 12, 14 and Hunsley & Burnett, 1970, Fig. 59) . One component of the occluding material may be fraction 111, the laminarinlike glucan, since immunofluorescence preparations using antibodies to this fraction show a progressive increase in fluorescence with distance from the tip to areas below the subapical region.
Immunofluorescence results also indicated a localization of fraction IV (chitin) on the inside of the wall in accordance with previous suggestions (Hunsley & Burnett, 1970) . All these observations are incorporated in diagrammatical form, together with some features from the last quoted work, in Fig. 24 .
The fungal wall is a highly complex structure. Thus although Wrathall & Tatum (1973) concluded that the glycopeptide (i.e. the complex, fraction I) structure of the Neurospora hyphal wall is not demonstrably covalently linked to other major wall components, there Electron micrographs of hyphae from 24 h cultures of Neurospora crussa.
All bar markers represent 0-5 ,urn. Fig. 18 . Longitudinal section through a hyphal apex showing the extremely thin wall at the apex. Note also the presence of the central spitzenkorper and surrounding electron-opaque vesicles. Fig. I 9 . Enlargement of the extreme apical region in Fig. I 8. Note the lack of layering in the apical wall. The presence of the spitzenkorper and the unit membrane structure of the plasmalemma (arrowed) indicates that this is a median or near median section. The apical wall is about 50 nm thick. Fig. 20 . Section showing the immediate subapical region of the hyphal wall. The wall is not appreciably thicker here than at the apex (about 60nm). There are some indications of material protruding from the wall surface (arrowed). This is thought to correspond to the start of the development of the reticulate structure visible in shadow-cast preparations. Fig. 21 . Section of subapical region of the hyphal wall, further back from apex than Fig. 20 , showing that the protruding material is becoming better developed (arrowed). Fig. 22 . Section of a mature region of the hyphal wall. Note the essentially three-layered structure of the wall. The median electron-opaque layer is thought to correspond to the reticulate structure of the wall which has become obscured in surface view by the addition of amorphous material to the wall surface. A, Amorphous covering of the apex (possibly removable by promise). This reacts with : antiserum to fraction I (glucan-peptide-galactosamine complex), weak or strong reaction; antiserum to fraction I11 (laminarin-like glucan), weak reaction; and also with antibodies to uncharacterized antigens remaining after antisera to 24 and 120 h culture walls are absorbed with fractions I, 111 and IV, strong reaction. B, Inner regions of the apical wall containing chitin microfibrils.
IP
Subapical region. C, Reticulate structure of the wall (glucan-peptide-galactosamine complex), visible on the surface. D, Laminarin-like glucan covering the reticulum in the proximal part of the subapical region. The subapical region surface reacts with : antiserum to fraction I, strong reaction; antiserum to fraction 111, moderate reaction. 
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is evidence in other filamentous fungi of a close association of, for instance, chitin and glucan wall components (Stagg & Feather, 1973) . At present, it is not clear what degree of association exists in the Neurospora hyphal wall between components other than the glycopeptide complex.
The wall fractions investigated in the present work represent rather less than 35 % of the dry weight of the Neurospora wild-type wall (Mahadevan & Tatum, 1965) . It is not surprising therefore that both immunodiffusion and immunofluorescence methods, using antisera to whole walls that have been absorbed with fractions I, I11 and IV, give evidence for the presence of antibodies to as yet uncharacterized wall antigens. One component of these antigens may be wall proteins other than peptides of fraction I, since treatment of apices of hyphae from 24 h cultures with pronase unmasked wall microfibrils at the tip, indicating that one component of the overlying amorphous material may be protein. However, the reservations about this observation mentioned earlier should be borne in mind. One aspect of apical wall structure that deserves comment is the distinctive binding properties of the wall surface at the apical dome itself. This is seen in the binding of the optical brightener Calcofluor White M2R New, an observation which has been reported previously (Gull & Trinci, 1974) . These authors suggested that the increased binding ability of the wall at the apex was a result of localized-cell-wall lysis, resulting in an increase in receptor sites. Wall lysis has already been implicated as an essential component of apical growth (BartnickiGarcia & Lipmann, 1972; Bartnicki-Garcia, 1973) .
A similar pattern of increased binding at the apical dome wall is seen in the immunofluorescence micrographs of hyphae from 24 h cultures treated with antiserum to whole walls from 24 h cultures which has been absorbed to remove antibodies to fractions I, I11 and IV, i.e. there is increased binding of antibodies to the uncharacterized antigens mentioned above. The reverse situation is seen with antibodies to fraction 111. In this case, the apical dome is sharply delineated as an area of low level fluorescence, the intensity of which soon increases behind the dome. These observations, together with the effects of pronase on apices of hyphae from 24 h cultures reported above, may suggest that the hyphal surface at the apical dome wall is largely occupied by protein components which, in older hyphal regions, form part of the innermost wall area covering the chitin microfibrils. The apical dome wall may thus represent what is substantially the inner region of mature walls, a suggestion that has already been made by Trinci & Collinge (1975) . The present model (Fig.  24) would modify this concept slightly in that sparse amounts of glucan (fraction 111) and either sparse or substantial (depending on the individual hypha observed) amounts of fraction I are also present.
It is implicit in this model of wall structure that as a hypha ages, i.e. as one proceeds back from the apex, new wall material is synthesized on the outside of the existing wall remote from cytoplasmic contact. Reissig (1974) has also drawn attention to the possible perisemic function of the fraction I complex in restricting growth to the apex. Both of these latter observations raise interesting problems in the control of synthesis of particular wall components and in the control of hyphal growth generally, which perhaps deserve further investigation.
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